Ceromnsa B n1000# 00JIaCTH PKOHOMHKH (yHpaBieHHWH, (HUHAHCOBO-KPEIUTHON cepe, MapKeTHHTE,
ydere, ayAuTe) clieluairucTaM MPUXOJUTCs padoTaTh B yCIOBUSAX HEAOCTaTKa MH(OPMALMU U HETOIHOTHI
MCXOJHBIX JTaHHBIX. AHaIU3 Takoi MH(opMauu TpeOyeT CrenualbHbIX METOA0B, OCHOBAHHBIX Ha HKOHO-
METPUYECKUX MOJENSAX, KOHLEMIUAX U mpueMax. J[ias Toro 4toObl MX HMCIOJIB30BAaTh, HEOOXOIUMO 3HAHUE
SKOHOMETPHH.

TepmuH «3KOHOMETpHs» BIEpBbIE ObUT HCIMONB30BaH Oyxranrepom Il.I{pemmoii (ABcTpo-Benrpus,
1910 r.) KOTOpBI cUMTAall, YTO €CIU K JAHHBIM OYyXTaJITEpPCKOTO y4eTa MPUMEHUTh METOJbI anreOpbl U reo-
MeTpuH, TO OyJeT MOJIy4yeHO HOBOe, Oojiee IIy0OKOoe MpEeICTaBIEHUE O pe3yibTaTax XO3SHCTBEHHOW nes-
TeNbHOCTU. Takas KOHIENIHUs He MPIKUIACh, HO Ha3BaHHE «IKOHOMETPHUS» ObLIO MCIIOJIB30BAHO /IS OTIpe-
JIEJICHUSI HOBOTO HAMPABJIEHUS B 9KOHOMHUYECKON HayKe, KOTOpPoe BhIACIHIOCh B 1930 1.

K 30-m rogam XX Beka CII0XHINCH BCE MPEINOCHUIKU ISl BBIAEICHUSI SKOHOMETPUKU B OT/IEIbHYIO
HayKy. CrienuanucTbl, 3aHUMAIOLIUECS] PA3BUTHEM SKOHOMETPUYECKONW HAYKH, JOJKHBI OBbLIM MCIOJIB30BaTh
B TOW WJIM MHOM CTETIEHU MaTeMaTHUKy U CTaTUCTUKY. [lo3ToMy BO3HUKIIA HEOOXOAUMOCTH MOSBIECHUS HOBOTO
TEpMHHA, 00BEAUHSIOIIETO BCE NCCIIEIOBAaHUS B 3TOM HAIpPaBICHUH.

B coBpemeHHON MUPOBOI Hayke OOIIETIPUHSITHIM CTal TEPMUH «3KOHOMETpPUKa». CI0BO «IKOHOMET-
pUKa» TpeNCTaBiseT coO0H KOMOMHAIIMIO JBYX CJIOB: «3KOHOMHKa» U «METpUKay (Tped. metron — mepa).
Takum 06pazoM, onpeaenseT SJKOHOMETPUKY MOXKHO OMPEAENUTh KaK HayKy, KOTOpas yCTaHaBJIMBAET KOJIU-
YECTBEHHOE BBIPAKEHUE CBSI3€H M COOTHOLIEHUH, PAaCKPHITHIX U OOOCHOBAHHBIX 3KOHOMHYECKON TEOPHUEH.
ﬁ.MyMneTep (1883-1950), cuuran, 4To JaHHAS TUCIUILIMHA JOJDKHA HA3BIBATHCA «9KOHOMOMeTpuka». Co-
BeTrckuil yuensiii A.JI.Baiinmreiin (1892-1970), nonaran, 4to Ha3BaHUE HACTOALIECH HAYKH JIOJPKHO OCHOBBI-
BaThCs Ha TPEUYeCcCKOM cloBe metreo (u3mepsro). COOTBETCTBEHHO, HEOOXOAMMO HCIIOJIb30BAaTh Ha3BaHUE
«OKOHOMETPUS.

3apoxJeHre SKOHOMETPUKHU SIBISETCS CIEACTBUEM MEXAUCHUIUIMHAPHOTO MOAX0/a K U3YUEHUIO KO-
HOMMKHM. JTa HayKa BO3HHUKJA B pe3yjbTaTe B3aUMOJIECHCTBUS 3KOHOMHYECKON TEOPUH, CTATUCTHUECKUX U
MaTeMaTHYeCKUX METOAOB. B nanpHeieM Kk HUM MPUCOEAMHUIACH BBIYMCIUTENIbHAS TEXHUKA KaKk HE00X0-
JMMOE yCIIOBUE Pa3BUTHSI SKOHOMETPHUKHU.

[TPUMEP
IIpousBoncreennas pynkuusi Ko6oa—/lyraaca.

Knaccuaeckuii mpuMep 3KOHOMETPHUECKOTO MOAECTUPOBAHUS — npouzgoocmeentasn hynkyus Kooboa-
Iyenaca.

Awmepukanckuii skoHomuct [lon [yrmnac B 30—e roasl XX B. HaOdronan 3a JaHHBIMU NepepalaThl-
Batouiei npomeinuieHHoCcTH CIIA Ha mpOTsHKEHUH BAJIATH JeT U 3aMETUII 3aBUCHMOCTb MEXIY SKOHOMHU-
4eCKMMHU TNoKa3areasiMu. Ilpu 3ToM OH 3aMeTwui1, 4To pacCcTOSIHUA OT TOYEK rpaduka rmokasaTeseil BbIITyCKa
70 TouyeK rpauKoB MOKa3aTelel 3arpar TpyJa M KaluTalda COCTABISIOT MOCTOSHHYIO mporopiuio. OH He
CyMeJ ONpeAeuTh (GyHKIIUIO, OTMMMCHIBAIOIIYIO 3TY 3aBUCUMOCTb, U oOpatwics B 1927 rony K MaTteMaTHKy
Yapnezy Ko60y. Ko66 mpemioxui ciaenyromnyo (yHKIUIo:

Y =aK“L™*,

rae Y — 00beM BBIIIyCKa POy KIIUH;
K — ocHOBHOI KanuTal (KanuTanbHbIE 3aTPATHhI);
L — 3arpatsl Tpyna;
ad YU d — napamMeTpbl MOJIEIH, OTpeiesieMble Ha OCHOBE SMITUPUIECKIX JAHHBIX.
Jlnst onieHKH Hew3BecTHOro nmapamerpa (GyHkiuu (1) Ko66 u [lyrinac ucnoiab30Baiy WHACKCH peasib-
HOTO OoOBeMa MPOW3BOJCTBA, PEATHHBIX KAMUTAIBHBIX 3aTpPaT M PEalTbHBIX 3aTpaT TPYIy 3a IEPUOJ

18991922 rr. Tlo ux ouerke @ = /) .
Tax pogunace ¢pynkuus Ko66a—/lyriaca (Cobb—Douglas cost function (CDCF)), npunasiexamnias K
HanOoJiee U3BECTHBIM MPOM3BOJICTBEHHBIM (DYHKIUSAM, IIMPOKO MPUMEHSIEMBIM B SKOHOMHYECKHX HCCIIEN0-

BaHUsIX, 0COOEHHO Ha MaKpOYpPOBHC.

Ha3Banue «3KOHOMETpHKa» BIEpBbIE ObUIO BBEJIEHO B 1926 I. HOPBEXKCKUM SKOHOMHMCTOM U CTaTH-
crom Parnapom ®@pumem (Frisch). [ToaTomy, MOXHO CKa3aTh, YTO SKOHOMETPHS — CPABHHUTEIBHO MOJIOJAS
oTpacib Hayku. 29 mekabps 1930 r. mo ununmarue M.Dumepa (1867-1947), P.®puma, A.TunbGeprena
(1903-1995), M.IlIymnerepa, O.Annepcona (1887-1960) u APYrHX ydeHbIX HA 3acENaHMH AMEPHKAHCKOIL



acconanuu pazputus Hayku (CHIA, Knusnenn, mrar Oraiio) ObU10 CO34aHO SKOHOMETPUIECKOE OOIIECTBO,
Ha KOTOPOM HOPBEKCKUM yueHbld P.@puin man HOBOM Hayke Ha3BaHUE «IKOHOMeTpHKa». Co3gaHHOE DKO-
HOMETPUYECKOE TOBAPHUILECTBO 0003HAUYMIIO ce0sl Tak: «MexTyHapoIHOE TOBAPHUILECTBO JUIsl Pa3BUTHUS KO-
HOMETPUUYECKON TEOPUU U €€ CBS3b CO CTATUCTUKOW M maTteMmatukoi». C 1933 r. mox penakuueit P.®@puma
u3JaeTcs KypHall « JKOHOMETpus». B mepBoM HOMepe 3TOro >xypHaia ObUTO pa3MEIIeHO 3asBIeHHE DKOHO-
METPUUYECKOTO TOBAPUILIECTBA:

«...Hallla TJIaBHAs LeJIb — CIIOCOOCTBOBATh MCCIIEIOBAHUSIM, KOTOPbIE HANpPaBJiIEHbl HA YHU(UKALINIO
TEOPETUKO-KOJINYECTBEHHOTO U AMIIUPUKO-KOJINYECTBEHHOTO MOJX0A0B K SKOHOMHUECKHUM MIPOOIEMaM. . .».

Tam xe ObIJIO JaHO cleaylollee ONpeseleHne 3KOHOMETPUKH: « DKOHOMETPUKA — 3TO HE TO K€ ca-
MO€, YTO SKOHOMHUYecKas cratuctuka. OHa HE MIEHTUYHA U TOMY, YTO Mbl Ha3bIBa€M 3KOHOMHUYECKOU TEO-
pHel, XOTS 3HAYUTENIbHAS YaCTh ITOW TEOPUH HOCUT KOJIMYECTBEHHBIN XapaKTep. DKOHOMETPUKA HE SIBISACT-
Csl CHHOHMMOM IPUJIOKEHUN MaTEeMaTHKHU K SKOHOMHKe. Kak Moka3bIBaeT OMbIT, KaXx/aas U3 TPEX OTIPaBHBIX
TOYEK — CTATHCTUKA, SJKOHOMHMYECKasl TEOpUsi U MaTeMaTHKa — HE00XOAUMOEe, HO HE JOCTaTOYHOE yCIIOBHE
JUI TIOHUMAaHMsI KOJMYECTBEHHBIX COOTHOLIEHUM B COBPEMEHHON 3KOHOMHYECKOW KM3HH. DTO €IMHCTBO
BCEX Tpex cocTaBistomux. M 3To eanHCcTBO 00pasyeT 3KOHOMETPUKY»

OcHoBarenu s3koHoMeTpuu — P. @pum, . Tunbepren, E. Hlymnerept — nepBoHavaibHO OTpaHUYU-
BAJINCh U3YUYEHUEM HEKOTOPBIX MOJEJEH CIpoca U NpemioxeHus. Toybko mnociae Bropoilt MUpOBON BOMHBI
OBUTH TTOCTPOCHBI KOMILIEKCHBIE YKOHOMETPHUYECKUE MOJIEITH Ha MaKpOYPOBHE, B KOTOPHIX OCHOBHOE BHHMa-
HUE yAETsUI0Ch CIIpoCcy, (PMHAHCOBOMY COCTOSIHUIO U HaJloraM, NpUObUIH, IIEHaM | T. [I.

C 1969 rona exeromno npucyxaaercs HobeneBckas nmpemust B obnactu 3xkoHOMukH. Cpenu naypea-
TOB MCCJIEZI0BATEIHN, KOTOPHIE BHECIN 3HAUUTEIbHBIN BKJIaJ B 3KOHOMETPHIO.

Parnap ®pum (Hopserus) u SIn Tundepren (Hunepnanaer) paspaborain S3KOHOMETPUUECKHE MO-
nenu npuHATH pemieHuil (mpemust 1969 rona). Bacuimii Jleontbe (CCCP/CIIIA) mpennoxun 6anaHco-
BBl MeTo/ B 3koHOMHKE (Tipemust 1973 rona). Jleonna KantopoBuu (CCCP) pazpabortan JTuHEHHBIE KO-
HOMHUYECKHE MOJIEIHM MPOU3BOACTBA U METOIbl McciefoBaHus omnepauuit (mpemust 1975 rona). TesuimHr
Kynmanc (CIIA) Hapsay ¢ TMHEHMHBIMU 3KOHOMUYECKUMHU MOJIEISIMH MPOU3BOICTBA Pa3BUI MaTeMAaTHUKO-
CTaTUCTHYECKHE MEeTOJbl B 3koHOMeTpuu (mpemus 1975 rona). Jloypene Kueiin (CILIA) paGoran Hax co3-
TaHueM OOJIBIINX SKOHOMETPUYECKHX MOJEINEH U NX MIMPOKUM MPUMEHEHHEM JIJISl aHAIM3a KOHBIOHKTYPHBIX
KosiebaHui M 3KkoHOoMHUuYeckoi monutuku (mpemust 1980 roma). I'epapa Hdedpro (CIIIA) BHec ¢dyHnamen-
TaJbHBIN BKJIAJ B MaTEMaTU3AIMIO dKOHOMHUYecKoi Teopur (ipemusi 1983 roxa). Tpurse Xaaseamo (Hop-
BErvs) BHEC OONBIION BKJIAJ B HCCIIEIOBAHUS TEOPETUKO-BEPOSITHOCTHBIX OCHOB 3KOHOMUYECKOH METOAMKH,
O0COOCHHO B aHAJIM3 OJHOBPEMEHHBIX HPKOHOMHUYECKUX CTPYKTyp (mpemus 1989 rona). mpemus 2000 r. —
Jix.XekMaHy 3a pa3BUTHE TEOPUU U METOJIOB aHAJIM3a CEJIEKTUBHBIX BbIOOpOK U J.Makdpanaeny 3a pa3su-
THE TEOPUHU U METOJOB aHamu3a Mozeneil muckpetHoro Beioopa. Iura Podept (Engle, Robert) (CIILIA) ame-
PUKAaHCKHHA OSKOHOMHCT, CHEHHMAIUCT [0 METOJaM aHajlu3a JKOHOMHMYECKOM CTAaTUCTUKHU, Jiaypear
HoGenesckoit npemun no s3xoHoMuke 2003 «3a METO/bI aHAIHM3a SKOHOMUYECKUX BPEMEHHBIX PSIOB C U3Me-
HSIOIIEHCs BO BpeMeHH BoJaTuibHOCThIO (ARCH—Mmonenn)» u Knaii I'penzkep — 3a co3laHue MeTona
kouHTerpanuu (mpemus 2003 rona).

Ha coBpeMeHHOM 3Tane SKOHOMETpHS IMHAMUYHO Pa3BUBAETCS M OXBATHIBAET pa3zHOOOpa3HbIE cde-
PBI SKOHOMHUYECKOTO 3HAHUS.

Kypc «2OxoHoMeTpuka» sBisieTcs 0a30BOM AMCHUIUIMHOW TMOATOTOBKM OaKalaBpOB MO DKOHOMHYE-
CKUM CIELUAIBHOCTSIM M IIPENOAAETCS BO BCEX BEYIIUX YHUBEPCUTETAX MUPA.

O0beKT Kypca «JKOHOMETPHS» — COBOKYITHOCTh PA3JIMYHBIX COLUAIBHO-DKOHOMUYECKUX MpOLeC-
COB, ITPOTEKAIOINX B dKOHOMHYECKON CUCTEME.

IIpenmer kypca «IKOHOMETPHUS» — SKOHOMETPUUECKHE METOBI M MOJIEH, IO3BOJISAIONINE ONpee-
JIUTh Y U3YYUTh KOJIMYECTBEHHBIE B3aMMOCBA3H MEXY COLMAIBHO — SKOHOMUYECKMMHU MPOLIECCAMH U SIBJIE-
HUSIMHU.

Ienp Kypca «IKOHOMETPHUS» — IO3HAKOMUTHCS C OCHOBHBIMU 3KOHOMETPUYECKHMMH 3aJadaMi,
Hay4uThecsl (OPMUPOBATH SIKOHOMETPUUECKHE MOJIEIU PAa3INYHBIX YPOBHEH.

3agaya kypca «JKOHOMETPHSI» — IIOCTPOCHHUE U aHAJIU3 OCHOBHBIX YKOHOMETPHUYECKHX MOJEIEH,
OLIEHKa MapaMeTpPOB, MPOBEPKa 3HAUMMOCTH MOJEIHU, IPOTHO3UPOBAHNE HA OCHOBE MOCTPOEHHOW MOJIETH.

Kypc «OxoHOMETpHs» TECHO CBSI3aH C APYTMMM JUCHMIUIMHAMU U 0azupyeTcs Ha pyHIaMeHTe MaTe-
MaTUYECKUX U SKOHOMHUUYECKHUX 3HAHHM. YUEOHBINH Kypc « IKOHOMETPHUS» OMUPAETCS Ha Kypchl «MHKPOIKO-
HOMMKa», «MakposkoHOMHKa», «Cratuctuka», «Teopus BEpOATHOCTEH M MaTeMaTU4ecKash CTaTUCTHKA,
MHOTOMEPHBIE CTATUCTUYECKHE METOBI U T.1. B cBOIO ouepenb, Kypc « IKOHOMETPHS BBICTYNAET B Ka4eCT-
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Be 0a3bl ISl KypCOB MPHUKIATHON MUKPO- U MAaKPOIKOHOMHKH. VCIOIb30BaHNE IKOHOMETPHUECKUX METOJIOB
MO3BOJISIET OCYIIECTBUTH NPOBEPKY IMOJIOKEHUM SKOHOMHUYECKOH Teopuu. Takum o0pa3oM, cyTb SKOHOMET-
pUM — B CUHTE3€ 3KOHOMUYECKHUI TEOpHUH, IKOHOMUYECKONW CTATUCTUKU M MaTeMaTHKu (puc. 1).

DKOHOMUYECKask TEOPUs MO3BOJISET BBISIBUTh OOBEKTUBHO CYILECTBYIOLIME (HAa KAUECTBEHHOM YpOB-
HE) SKOHOMUYECKHE 3aKOHBI M CBSI3U MEXKJly IKOHOMHUYECKMMH TOKazaTeasiMu. Kpome Toro, sSkoHOMUUECcKast
TEOpHsI IOMOIaeT pemaTh NpoOIeMbl clielupUKald MOJENIEH C y4eTOM UX UAECHTUPHULIUPYEMOCTH.

DKOHOMHYECKash CTAaTHCTHUKAa HeoOXxoauma s MH(POPMALMOHHOTO O0ECICUeHUs aHaTIU3UpyeMon
SKOHOMETPUYECKOU MOJIEIIH.

IKOHOMETPUKA
Okonomuueckas meopusi COL;MCUZbHO—QKOHOMM-‘lQCKa}l Ocnosuvl meopuu 6eposimHo-
(MaKpO- 1 MUKPOSKOHOMMHKA, cmamucmuxka cmeil U MamemamuyecKkoul
MaTeMaTHYECKas IKOHOMHKA) (mapopMarmonHOE 0OecTIe- cmamucmuku
YCHHUEC DKOHOMHNYCCKUX UC-
CIIeTOBaHMI )

UCTOYHUKU BA30BBIX KOMIIOHEHTOB SKOHOMETPUYECKOU HAYKU

Puc. 1

MatemaTtka B 3KOHOMETPUHU UTPAECT BAKHYIO posib. METOIbI IPETOAaBaHusl MPEAYCMATPUBAIOT T10-
CTaHOBKY 3aJlau, €€ pellIeHre, a TaKKe aHalIu3 MOJTYyYEeHHOro peieHus. B SKoHOMeTpuH aaropuTMbl 3a/1a4
00s13aTeNIbHO 0a3UPYIOTCS HA METOJIaX MaTeMaTHYECKOW CTaTUCTUKU (MOJIEM PEerpeCCHOHHOTO aHalln3a, 3a-
Jla4y MMPOBEPKU TUIIOTE3 U JIP.) LIUPOKO UCTOJIB3yEeTCsl MaTpuyHast anredpa u Apyrue KJIacCUUeCKHe pasieibl
MaTEeMaTHKH.

Kpome Toro, mpu M3y4eHUH NaHHOTO Kypca HEOOXOIMMO YMETh HCIOJIb30BaTh KOMIBIOTEPHYIO TEX-
HUKY, T.K. 5KOHOMETPHUYECKUE PACUEThl JOCTATOYHO IPOMO3JKU M TPEOYIOT BEICOKOM TOUHOCTH.

3anaum, peraemMple ¢ MOMOLIBI0 SKOHOMETPUU MOXHO KiIacCU(QHUIMPOBATh MO TPEM MapaMeTpam: Mo
KOHEYHBIM (IPUKJIAJHBIM) LEJISM, IO YPOBHIO HEPAPXUH U TI0 MPOPUITIO UCCIIETyEeMO SKOHOMUYECKON CUC-
TEMBI.

ITo KOHEYHBIM MPUKJIATHBIM LEJAM BBIICTISIOT:

a) npoeHo3 YKOHOMUYECKUX M COIUAIBbHO-PKOHOMHUYECKHX I0Ka3aTeseil, KOTOpble XapaKTepU3yloT
COCTOSIHUE U TTOBEJICHHE YKOHOMHUYECKOW CUCTEMBI;

0) umumayuss BO3MOXXHBIX CIIEHAPUEB COLUATbHO-IKOHOMUYECKOTO Pa3BUTHUS aHAJIU3UPYEMOil cuc-
TEMBI.

ITo ypoBHIO MepapXuH aHATU3UPYEMON SKOHOMUYECKUN CUCTEMBI BBIAEISIOT:

a) MAaKpoypoeeHv, T.€. CTPaHbI B LIEJIOM, MEKCTPaHOBOH aHAJIN3;

0) me30poyposeHb — peTHOHBI BHYTPH CTPAHbI, OTPACITH, KOPHIOPAIMH U T.J1.;

B) MUKPOYPOBeHb — IPEATIPUATHS, PUPMBI, CEMBHU.

ITo npoduiio 3KOHOMeTPHYECKOT0 MOEJIMPOBAHMS: HCCIIEI0BaHNE MOKET ObITh HANpPaBJICHO Ha
pelieHre npodieM crpoca U MPeIoKEeHHs, IICHO0Opa30BaHusl, HHBECTUIIMOHHOW, (PMHAHCOBOW WM COIH-
aJIbHOM MOJUTHUKY WK Ha pElICHNUE ONPEeIEHHOTO KOMNIeKca PoOIeM.

IToHsiTHE SKOHOMETPUYECKO MOIe TN

BKOHOMeTpI/IH — OJUH U3 pa3JciiOB 3KOHOMUYECKOM HAyKH, I/ISY‘IaIOII_[I/IP’I MCTOJbI KOJIHMYCCTBCHHOI'O
HU3MCPCHUMA BSaHMOCBﬂSGﬁ, CYHICCTBYIOIHX MCKAY aHAIU3UPYCMbIMU 3KOHOMHWYCCKUMMU I10KA3aTCIIAMU.



Tepmun skonomempusa 0003HaYaeT usmepenus 6 sxonomuxe. Ha caMmom nienie uaMepeHus sBISIOTCS
BaXXHOHM 4acTbI0 SKOHOMETPHH, OJIHAKO, HE BCE M3MEPEHUs B SKOHOMMKE NMpHHAIeKAT dIKOHOMeTpuH. [la-
IVM CIIELYIOLIEE ONpeAeICHHE ITON HayKU.

Dkonomempus uzyyaem mMemoosbl OYEeHUBAHU NAPAMemMPOos MoOeel, XapaKmepusyiowux Koauvecm-
BEHHYIO 63AUMOCEA3L MENCOY IKOHOMUYECKUMU NOKAZAMENAMU, A MAKIHCE PACCMAMPUBAEm OCHOGHbIE Ha-
npasieHus NPUMeHeHUs YMux Mooenell 8 SIKOHOMUUECKUX UCCIe008AHUSIX.

W3 onpenenenust 5JKOHOMETPUU KaK OJAHOIO M3 HAIPABJIEHUH IKOHOMHUKO-MAaTEMAaTUYECKUX METO/0B
aHaju3a CJlelyeT, YTO €€ OCHOBHAs 1LIeJb — 3TO MOJIENBbHOE (KOJMYECTBEHHOE) BBIPAKEHHE KaueCTBEHHBIX
3aKOHOMEPHOCTEH, OompeaenseMblx d3KoHoMHUeckor Teopueil. [lpu 3Tom mon mamemamuyeckoii mooensvio
MOHUMAIOT BBIpaXKeHHE (POPMAJIbHOW 3aBUCUMOCTH B BHJE MAaTEMaTUYECKHX COOTHOILIEHHH, KOTOpble OTpa-
KAIOT B3aMMOCBSA3b MEXKAY ONpEAEIECHHBIMH (aKTOpaMH. JKOHOMUKO-MaAmeMamuieckas (IKoOHoMempuye-
cKas) mooenb — 3TO MaTeMaTudecKasi MOJIeJb, OTMCHIBAOIIAS UCCIIEYyEMYI0 S3KOHOMUYECKYIO CUCTEMY.

I[TPUMEP

IIpocTras MaKpoIKOHOMHYECKAST MOJIEIb.
PaccmoTpu crieayronyto MaKpOdIKOHOMHYECKYEO MOJIETTh:

C=0,+a) +a,C_ +¢,,

It :ﬂo +:B1Yz +ﬂ2Yz-1 + &y, (1.1)
I=y,+1nY, +&,,
Y=C+1 +G,

rne C, — motpebnenne; Y, — noxon; /, — unsectuunn; I', — nanoru; G, — pacxo/sl Ha IIPaBHTEILCTBO;

g,, 1=1, 2,3 — BO3MEIICHUS.

it
JlaHHAs! MOZIENb COACPIKUT TPH YPABHEHHsI, ONKCHIBAIOLIKX noBeaeHue notpeburens (C,), nusecro-
pa (/,) u o6vem nanoros (7',). Kpome Toro, B MOJEIIb BXOAUT OJHO TOXKAESCTBO (IIOCIICAHEE PABEHCTBO CHC-

TEMBI).

B 3x0oHOMETpHYECKOI MOZIEIHN BCE IEPEMEHHBIE MTOAPA3IEIIAIOTCS Ha YHIOT€HHBIE, 3K30T€HHBIE, IIpe-
JOIpPEEIICHHBIE.

JK30reHHbIE NMepeMeHHble — MEPEMEHHbIE, KOTOpbIE 33/1al0TCsl KaK Obl M3BHE M B OIpEJeIEHHON
CTENEHU ynpasisieMble. B 3KkOHOMETpUUYECKO MOJEIN OHU SIBJISIOTCS OOBSICHSIOIIMMU WM HE3aBUCHUMbBIMU
IIEPEMEHHBIMHU.

JHAOreHHbIE MepeMeHHbIe — 3TO TIEPEMEHHBIC, 3HAYCHUSI KOTOPBIX (POPMUPYIOTCS BHYTPH aHAIN3H-
PYEMOH COLMAIBHO-3KOHOMHUYECKONH CHCTEMBI O]l BO3ACUCTBUEM 3K30T€HHBIX IEPEMEHHBIX U BO B3aUMO-
NEeNCTBUM JIpYT C Apyrom. B skoHOMETpHYECKON MOJENN OHM SIBJISIOTCS OOBSICHSIEMBIMU WM 3aBUCUMBIMU
IIEPEMEHHBIMHU.

IIpenonpenesieHHble epeMEHHbIE — 3TO OOBACHAIOLIUE TEPEMEHHbIE, KOTOpble (OPMUPYIOTCS U3
9K30TE€HHBIX NEPEMEHHBIX U JIa208blX YHOO2EHHbIX TIEPEMEHHBIX. 3HAUSHMS JaroBbIX HHJIOTEHHBIX MEpEeMeH-
HBIX M3MEpEHBI B MPOLUIbIE IO OTHOLIEHUIO K TEKYIIEMYy MOMEHTY BPEMEHHU U M03TOMY MOTYT OBbITh pac-
CMOTpPEHBI KaK U3BECTHBIE, 3aJaHHBIC.

OdeHb YacTO HPKOHOMETpHUUECKas MOJENb MOKET ObITh MpEACTaBlI€HA B BUAE CHUCTEMBbl JTUHEHHBIX
ypaBHEHUH

BY =AX+E,

rae B — marpuia Koo QUIUEHTOB P HIOTEHHBIX (3aBUCHMBIX) IEPEMEHHBIX;
Y — BEKTOp 3HJOTCHHBIX IEPEMEHHBIX;
A — matpuna Ko3(pHUIHMEHTOB MIPU HK30TEHHBIX (HE3aBUCHMBIX ) IEPEMEHHBIX;



X — BEKTOp DK30T€HHBIX IIEPEMEHHBIX;
E — BekTOp ciny4yallHbIX BO3MYILICHUH.

ITPUMEP

B npocryro MakposkoHOMHUYecKyro Mozxeis (1.1) Bxomst mepemenHsie: norpebienue (C,); moxox
(Y,), nasectuimu (/,);uanoru (T,), pacxonsr Ha npasutensctBo (G, ). K 9HIOTeHHBIM OTHOCSTCS Tepe-
mennste C, Y, I, T .

CJ'IC)IOBaTeJ'IBHO, npeaonpeaACICHHBIMU NIEPEMEHHBIMU ABJIAIOTCS ICPEMCHHBIC thl )

I, ,, T, | — naroBeie sk30reHHble nepeMennbie; (G, — 9K30reHHas epEeMEeHHasL.

t
l,,T ,uG,.

t-1°

TakuMm 00pa3oM, YKOHOMETpPHUYECKast MOJIETb OOBSICHSIET MOBEACHUE YHIOTCHHBIX TIEPEMEHHBIX B 3a-
BHCHMOCTH OT 3HAYEHUH, MPUHUMACMBIX MPEAONPEACICHHBIMUA TIEPEMEHHBIMH (IK30T€HHBIMH W JIAaTOBBIMU
SHJIOT€HHBIMU NIEPEMEHHBIMHU ).

B o6miem ciryyae a3xoHOMETpHUUYecKasi MOJIeTTb MOKET ObITh IIPE/ICTABIICHA B CIEAYIOIIEM BU/IE:

Y=f(X,¢)

rae Y — 9HIOreHHBIE TIEPEMEHHBIE;
X —oK30rennsle (WM MPENONpPeENEIEHHEIE) IIEPEMEHHEIE;
& —CIydaiiHas WJIM CTOXAaCTUYECKasi COCTABIISIONIA.

IIpyn mocTpoeHre >KOHOMETPUYECKOW MOJACIH PEANU3yeTCs METOJA MOJACIUPOBAHUS 10 IPUHLMUILY
«UEPHOTO AIMKA»: 3a1aBasi BXOAHBIE XapaKTEPUCTUKH X CHCTEMBI MOJYYalOT 3HAYEHHs «BBIXOAa» Y .
BHyTpeHHSIsI CTpyKTypa HpU 3TOM HE M3BecTHA. I'paduuecku MpUHIMII «YEPHOTO SIIUKA» MPEICTaBICH Ha
puc. 1.1.

Bxonanbie nepeMeHHbIC BrixoiHbIe XapaKTEpUCTUKN
b 2

X Y
>

Puc. 1.1

JIsis TOCTPOEHHST IKOHOMETPHUECKON MOJIENN HEOOXOIUMO BBIAEINUTL 3aBHCUMBIE U HE3aBUCHMBIE
nepemennbie (X u Y COOTBETCTBEHHO) M HA OCHOBE KOHOMETPUYECKHX METOJIOB ONPEIEIHUTh 3aBHCHU-
mocts Buma ¥ = f(X,&) mexmy sTuMu nepeMeHHBIMM.

He3zaBucumble ((pakTopHbie) nepeMeHHble X MOTYT ObITh KaK J€TEPMUHUPOBAHHBIME, TAK M MOCTOSHHBIMH.
Tax xak B monenu (1.2) cocrapisroniasi IepeMeHHasi & SIBISETCS Cy4ailHOM, TO 3aBUcUMas (pe3ysbTaTUB-
Has) epeMenHas ! Tak e ciydaiina. CliejoBaTe bHO, SKOHOMETPHIECKAsk MOJIEIb ABISAETCS CoXacmuye-
cKou

Knaccudukanus 5KOHOMETPUYECKUX MOJIesIei

e OpHodaxkTOpHAs TMHEHHAs ¥ = 0o +Px+¢€:

e OnnoakTopHas HenuHeiHas y = ae’ +¢:

e MpmuorogakTopHas TuHEHHas y = o +f,x, +...+B,x, +€:
e MpHuorogakTopHas HelIMHEWHas ) = owclf’lxz[3 Pt

L4 CI/ICTCMa, paspCiiCHHAaA OTHOCUTCIIBHO HE3aBUCUMBIX IICPCMCHHBIX !



= [0, %550,
v, = fH(x,X%y,...X,,

Vo =[x, %,,..x,,
e PexypcuBHas cucrema:
Vi =L(x,x5,..%,,
Yy = f(x,%5,..%,,, 1)

yn = .fn (xl 3x27""xm’yl ’y27""yn—])
e (Cucrema, HEpa3peUIEHHAs] OTHOCUTENBHO HE3aBUCUMBIX IEPEMEHHBIX

yl = fi(xl’x2""xm;yl’y2"“’yn)
Yy = (XX X V15 Vi sees V)

yn :fn(xl’x2""xm’yl’y25"'9yn)

DKOHOMETPUYECKHUE MOJEITN

IIpocTeie CnoxHble
(omHO ypaBHEHHUE) (HECKONBKO ypaBHEHUH)
OnnodaxTopHble (0HA MHorogakropHsle (6omee Cucrema, paspelnieHHas
HE3aBUCHMAs MTEPEMEH- OJTHOW HE3aBHCHMOI Tie- OTHOCHUTEIIHO HE3aBUCH-
Has) PEMEHHOM ) MBIX TTEPEMEHHBIX
JTUHEHHas HENWHEHHas JTUHEHHas HEJWHEHHAas

PexypcuBHas cucrem

Cucrema, Hepa3pellleHHas
OTHOCHTEJIEHO HE3aBHCH-
MBIX ICPEMCHHBIX

B 3aBUCHMOCTH OT BIHSHHUS @aKTopa BpPEMCHHU MOACIIN MOXKHO pasAcinuTb HaA JUHAMHUYCCKUC U CTa-
TUcTHYeCcKue. B JUHAMHUYCCKUX MOICIIAX (I)aKTOp «BpPEMsD» YUHUTHIBACTCA KaK OJlHA U3 JOIMOJIHUTCIILHBIX IIC-
PEMCHHBIX. I[I/IHaMI/I‘ICCKI/Ie MOZACIIN — TPCHAOBBIC MOJCIIN, MOACIIN CIJIa)KMBaHHWA, MOACTIU ACKOMIIO3UIIUH
BPEMCHHOTI'O psja, aBTOPETPECCUOHHBIC MOACIIN, JIAaroBbI€C MOJCIN U T. .



JTanbl NOCTPOEHUS U AHAJIU3A IKOHOMETPHYECKUX Mojeeil
PaccmoTpum o0mmue mMpUHIUIBI SKOHOMETPUUYECKOr0 MojenupoBanus. IlocTpoeHne 3xoHOMeTpHuye-

CKOM MOZCIIN MTPOBOAUTCA B HCCKOJIBKO OCHOBHBIX 3TAIlOB.

e KauecTBeHHBIN aHanM3 (IOCTAHOBKA LIEJM aHAJIN3a, OMPENEICHHE COBOKYITHOCTH, ONPECIICHNUE PE3yJlb-
TAaTUBHBIX U (DAaKTOPHBIX MPU3HAKOB, BHIOOP MEpPHOAA, 32 KOTOPHII MPOBOAMTCS aHAIU3, BRIOOp MeTo/a
aHaIn3a).

e [IpenBaputenpHblil aHAIN3 MOAETUPYEMON COBOKYITHOCTH (IIPOBEPKA OAHOPOJHOCTH COBOKYITHOCTH, HC-
KJIIOYEHHE aHOMAJIbHBIX HaOJII0A€HUH, YTOUHEHHE He00X0AUMOro 00beMa MPU3HAKOB, YCTAaHOBJICHHE 3a-
KOHOB pacipe/ieleHHs IPU3HAKOB).

e [locTpoeHne SKOHOMETPUUECKON MOZenu (YCTaHOBJIEHUE MepedHsl (PaKTOpOB, pacueT OLEHOK MapaMer-
POB ypaBHEHMH perpeccuu, nepedop KOHKYPUPYIOIIUX BAPHAHTOB MOJIEIHN).

e OlweHKa aIeKBaTHOCTU MOJAENIH (IIPOBEPKA CTATUCTUUECKON CYIIECTBEHHOCTH YPAaBHEHUS 3aBUCUMOCTHU B
LIEJIOM M €ro OTJEJIbHBIX IapaMeTPOB; NPOBEPKa COOTBETCTBUs (POPMasbHBIX CBOMCTB OLICHOK 3ajayam
HCCIICIOBAHUS ).

e  DKOHOMHYECKAsi MHTEPIIPETALINS U IPAKTUUECKOE HCIOIb30BAaHUE MOEIIH.

PaccMoTpuM KiTacchl OCHOBHBIX METOJIOB SKOHOMETPHUYECKOTO MOJCIMPOBAHHS, KOTOPHIC CBSI3aHBI C
0COOEHHOCTSIMH DTHUX MOJIEJIEH.

OuneHuBaHue

IIpoBepka

KJIIaCCUYECKUU [Iporuo3zupoBanue
MHK

HNHCcTpyMeHTaIbHbIE
[IePEMEHHBIE

OJTHO JInHeitHbIe orpaHUYeHUS
ypaBHCHUE OmudpoBka nepeMeHHBIX

I'pynmupoBka nepeMeHHbIX

Creuunduxarnus ommbok

000011IeHHBIN BersiBnenne
MHK MYJIbTUKOJUIMHUAPHOCTU

OmubKH B epeMeHHbIX
METO/IbI

AmnpuopHas uHdopmarus

ABTOKOppenaus

I'eTepockenacTHIHOCTH

JByxmarossiii MHK

cucrema OLICHUBaHUE Tpexuarossiii MHK
YpaBHEHUI

Kocsennsiiit MHK

Meton MII

JUHEUHASA PETPECCHUA



PaccmoTpuM 1Be nepeMeHHbIE X U ), TAE Y - 3a6ucumas NIEpEMEHHas (pezpeccanm, sHO02eHHAs nepe-
MeHHas), X — He3asucumas IEpeMEHHas (pezpeccop, sk302enHas nepemennas). llepeMeHHas y XapakTepusyeT
pe3yabpTaT Wik 3pGEKTUBHOCTh (YHKIIMOHUPOBAHUS aHAIU3UPYEMOM SKOHOMUUYECKON CUCTEMBI U €€ 3Haye-
HUS POPMHUPYIOTCS BHYTPU CUCTEMBI O] BO3/ICHCTBHEM psJia IPYTUX epeMeHHbIX uin (akropos. [1o cBoeit
npupojie 00bsACHsAeMas IepeMEHHas BCEr/la CTOXacTU4Ha (ciny4aiiHa). [lepeMeHHas x — 3T0O mepeMeHHas, Ko-
TOpasi MO CBOEH MPHUPOJEe MOKET OBITh KaK CIy4yaiHOM Tak M HeciydaifHOW. DTa MepeMeHHas MOAJIAeTCs
YIPABJICHUIO U MJAHUPOBAHUS, €€ Ha3bIBAIOT OOBACHAIOLICH NepeMeHHON. Ecnu oObsacHsIoOmy0 nepeMeH-
HYI0 MOYKHO 3a/1aBaTh «M3BHE» aHAJIN3UPYEMOI CUCTEMBI, TO €€ Ha3bIBAIOT IK302€HHOU.

OyHKIUA y = f(X*) HasbIBaeTcs GyHKIMEH perpeccun y mo X (perpeccueid y mo X), €Ciu OHa OIHUCHI-
BaeT U3MEHEHNUE YCIIOBHOIO CPEIHETO 3HAUEHUSI pe3yIbTUPYIOIIEH IepEMEHHON y (IIpU yCIIOBUH, UTO 3HAYE-
HHE OOBSICHSIONUX TIePeMEHHBIX X 3aHKCHPOBAHBI HA HEKOTOPOM ypoBHE X ) B 3aBHCHMOCTH OT H3MCHE-
HUs nepeMeHHbIX X. COOTHOIIEHHE MEX 1y IepeMEeHHbIMU OyZieM 0003HauaTh: y = f (x).

f(X") = E(y| X =X") = E(y| X))
NN COKpaHIGHHO
f(X) = E(y| X).

B perpeccronHo# aHanu3e pe3yabTHPYIOIas mepeMeHHas Y MOKET ObITh paCCMOTpEeHa KaK (QyHKITHS,
3HAYCHHUSI KOTOPOH (C HEKOTOPOW CIIy4yalHOH MOTPENTHOCTHhIO) MOKHO OIPEACIIUTh, MCTOIB3Ys 3HAYCHUS
OOBSICHSIIOIINX MEPEMEHHBIX X = (X(l), x(z),. e x(k)). MaremaTuuecKky 3TO MOYKHO 3alMcaTh B BUAE YPABHCHUS
PErpecCUOHHOM 3aBUCUMOCTHU

¥(X) = (X) +&(X),
Me(X) =0.

3nech &(X) — ciyuaiiHas coctapistomas. OHa oTpakaeT BIMsSHUE Ha (AKTOp ), HE YUYTCHHBIX B MOJIe-
T OOBSCHSIOIINX MEPEMEHHBIX X, @ TAK)Ke BKIIIOUAET B ceOs BO3MOXKHBIE CITyYaiHbIe MOTPEIIHOCTH M3Me-
peHus 0OBsACHAEMON NepeMeHHOH ). BTopoe TOXIeCTBO B CUCTEME CIIeyeT HEMOCPEICTBEHHO M3 CMBbICa
JIMHEHOM perpeccuu. [lockonpky

J(X)=E(y(X) | X) = E(f (X)) + E(e(X)).

nu E(f(X))=f(X)(rak xax Bemmunnaa f(X) mpu (puKcHpoBaHHOM 3HAYEHWH X HE SBISETCS CIYYaiHO),
10 Mg(X) = 0 nmpu mr060M GUKCHPOBAHHOM 3HAYCHHUH X.

MHOXECTBEHHAS JINHEMHAS PETPECCUS

Ha mpakrtuke, vaie Bcero, 3Ha4eHHs] SKOHOMHYECKUX IMOKa3aTeleil y 3aBUCAT HE OT OJHOTO, a OT
MHO’KeCTBa (PaKTOPOB X, X2, ..., X;. Hampumep, oOmiue pacxopl Ha MUTAHUE 3aBUCST HE TOJIBKO OT pacrosia-
raeMoro JINYHOTO JI0X0Ja, HO TaKXXe U OT IIEHbI Ha MPOAYKTHI MUTaHUs. MHOXXECTBEHHAs JTMHEWHAS perpec-
CHsl TIO3BOJISIET OMKCATh B3aUMOCBSI3b MEXKIY PErpeccopoM y U HabopoMm GakTopoB X, ..., Xi.. PaccMoTpum
JTUHEHHYIO PETPECCHIO B CIIy4ae k HE3aBUCUMBIX MEPEMEHHBIX

Vi=EW/x)=B,+Bx +...+B,x, g,
[TpeanonoxuM, 4To Ui OLIEHKH HEU3BECTHBIX MapaMeTpoB B3,,B,,... 3, ypaBHEHHs perpeccuu noiy-
yeHa ciydaiiHas BblOOopka oObemoM n u3 (k + 1) — MepHOH ciydallHOH BeJUYUHBI V,,X,...,X;, U
VisX,i5eees Xy, - PE3YJBTATHI 1 - TO HAOMIOAEHUS, TAC 1= 1, 2,..., n.
Monens MHOXKECTBEHHON PEerpecCuy MOKHO MPEACTABUTH CIIEIYIONINM 00pa3oM

Vi =Bo+Bixy +...+Bx; +ei=1n (1.29)



IJIE X;— 3HAYEHHs j — OM HE3aBUCHMOM IIEpEMEHHOM (X;) B i - M HAOIIOICHNH,
€; — BO3MYILICHHS, KOTOPbIE YIOBIETBOPSAIOT TEM K€ YCIOBUSAM, YTO U B MOJIEJIM IAPHOM perpeccu, a
UMEHHO

. Hynesoe cpennee: Eg; = 0,1 = 1, n.

o 2 . P
. PaBenctBo aucnepcuii (romockegacTuuHOCTh): Dg;=E sf =g =const,i=1,n.
. He3aBucumocTh BO3MYILCHUIA: €; U € HE3aBUCHMBI IIPH [ # ] .

. He3zaBUCHMOCTB BO3MYILIEHUI U PETPECCOPOB: X;; U € HE3aBUCUMBI ISl BCEX I U j.
. (mononHuTenbHOE). Bo3My1ieHust €; HOpMaIbHO pacrpeaeeHbl Uil BCEX L.

DN A W N =

Monens MHOXKeCTBeHHOH perpeccuu (1.29) 3anuceiBatoT B MaTpuuHOU hopme:

y=XB+e, (1.30)
rjae
N
Y2
y=| . |-BekTop — cTonOel HaOIOACHUI 3aBUCUMON TIEpEMEHHOM,
Y
1ox, Xk
1 x, Xok
X= — MaTpHIla HE3aBUCUMbBIX IEPEMEHHBIX,
1 xnl xn,k
€
& . .
&=| . |- BekTop — cToN0Oel CayYalHbIX OLIMOOK (BO3MYILIEHUI),
8}’!
B
2
P =|". |—BeKkTop — cToi0el HEU3BECTHBIX apPaMeTPOB, MOJIEKALIUX OLIEHUBAHUIO.
By

Bb1600 napamempoe mnoscecmeennoil pezpeccuu MemooomM HAUMEHbUUX K8AOPAN o6

Iycts B=(B,,P,--,8,)" — HekOTOpas oleHKa BekTOpa mapameTpos 3. Torma ypaBHeHHE BHIGOPOU-
HOUW PErpeccuy UMEET BUI:
V=B +Bix +. A Bx,

CrienoBatesbpHO, 3HaYeHue )y =[3,+p,x, +...+B,x, sBIseTcS OLEHKOI cpexHero 3HaueHus Ey;, mo-

~

CTPOEHHOH Ha OCHOBE BBIOOpOYHOM perpeccuu. Ilpu 3ToM ocTaTku €, ONpPEAENAIOTCA KaK PasHOCTh MEXKIY

(aKTUYECKUMHU 3HAUCHHUSIMH 3aBHCUMOW TIEPEMEHHON M 3HAYCHHEM, CIIPOrHO3UPOBAHHBIM I10 YPABHEHUIO
perpeccuu:

A

éi =Y = Vi

Torga BEKTOp OCTATKOB £ paBeH £ =Yy — Y, Ile 9:()71,)72,...,)7n)T,§/:XB.



Kaxk u npexne, MHK — oneHku onpenesnseM U3 yCclIOBAsS MUHUMH3ALUN CYMMbI KBAJIpaTOB OTKJIOHE-
HUU:

0=0) =Y ~".8). (132)

Heo6xonumele ycaoBUs SKCTpEMyMa Ja0T CIEAYIOLIYI0 CUCTEMY HOPMaJIbHBIX YpaBHEHHUI:

O _ 2X"y+2X"Xp=0,
B
1501850
X"XB=X"y,
Otkyna
B=(X"X)"'X"y. (1.33)

Hcnonb3ys JOCTAaTOYHOE YCIOBUE SKCTpeMyMa (PYyHKIMU MHOTHX TTIEPEMEHHBIX MOKHO TI0Ka3aTh, YTO
3HavyeHue [}, BeraucienHoe mo gopmyie (1.33), sBisercs MUHUMaIbHBIM 3Ha4eHHEeM QyHkuuu (1.32). Besne

HIDKE OLIEHKY BEKTOpa KO3((HUIIMEHTOB MOJEIN MHOKECTBEHHOM JMHEWHOW perpeccuu Oynem 00O3Ha4aTh
JIATUHCKOU OyKBOM b

MHK - onenky k03(p)pUIIHEHTOB MHOKeCTBEHHOM JIMHEITHOM perpeccuu HaxoasaTcs mo gpopmy-
Jae:

hb=(X"X)"X"y. (1.34)

VYpaBHEeHHE BHIOOPOYHON perpeccuy MpUHUMAET BU]

y=b,+bx +...+bx,, (1.35)
Ceouicmea MHK - ocmamkos

[ycte y, =b, +bx,, +...+b,_x,, ,+¢€,i=Ln.

0O0603HaYUM

Hcnonb3ys MaTpu4Hyto GOpMy 3allUCH, OTydaeM
y=Xb=XX"X)"X"y.
Onpedenum eekmop MHK — ocmamkoe e Kak pa3HOCTb BHJIA

e=y-y=y-Xb=I-XX"X)"X")y.
N3 cuctembl HOpMaJIBHBIX YPaBHEHUH MOJIy4aeM

X'(Xb-y)=0,
WJIn
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X'e=0. (1.37)

Otcrona BugHO, uto MHK — octatku oproronanshsl perpeccopy. Kpome toro, B paccmarpuBaeMom
ClTydae TepBbIi cTOI0eI] MaTpullbl X COCTOUT U3 OJHUX €IMHUII, TOT/a U3 paBeHcTna (1.37) cnenyert, 9To

Zn‘,el. =0 (1.38)
i=1

B perpeccuonnoii moaesu ¢ koHcTanToii cyMmma MHK — ocTtaTkoB paBHa HYJII0.
Tak kak ¥y =Xb, TO

(,e)=9"e=(Xb) e=b"X"e=0 (1.39)

B cuiy paBenctBa (1.37). Kpome Toro, BEKTOp y SIBISETCS JMHEHHOW KOMOHHAIMEH CTOJIOIOB MaT-
puLbl X, T. €. perpeccopos.
Kosgppuyuenm oemepmunayuu

Kak u B ciyuae nmapHO# perpeccun pacCMOTPUM CYMMY KBaJIpaTOB OTKJIOHEHUH 3HAY€HWH 3aBUCH-
MOW MMEPEMEHHON OT CPEAHErO 3HAYCHHUS:

n

TSS:Z(yi_)_})z :Z(yi _j;i+j>i _)_/)2 :Z(e[+f/‘i—)_/)2 =
i=1

i=1

) ) ) S (1.40)
XA WICESIED WA WD N CAINS
Hcnonb3yem paHeel:I;BCI[eHI;:IlIe 0603Haqe1:1;11;[ N -
ESS = Zn:( V. - ;)2 — MOSACHEHHAsl CyMMa KBaJIpaToB,
i=1
RSS = ie? —CyMa KBaJJpaTOB OCTaTKOB.
Torna KI:K U B CIy4ae MapHOH perpeccuu noyydaeM GopMyiLy pasioxcerus Ouchepcuu
TSS = ESS + RSS . (1.41)

o 2
Koagppuyuenm mnoxcecmeennoii oemepmunayuu (kodpdunuent nerepmunanuu) R° onpenensercs
KaK OTHOIIICHHUE MOSICHEHHOW M 00IIeH CyMMBI KBaIpaToB

B RSY (1.42)
1SS~ TSS

RZ

KoaddunmeHT MHOKECTBEHHOH JIeTEpMUHAIINN [TOKA3bIBACT, KaKasi 4YacTh AUCIIEPCUU 3aBUCUMOH Tie-
PEMEHHOM MOXET ObITh MOSCHEHA 33 CUeT MOJENH, UM JPYTUMH CIOBAaMH 3a CUET HE3aBUCUMBIX MEpEeMeH-
HBIX B COBOKYMHOCTH. Kak u npexne, kodhGUIMEeHT JeTepMUHAIINH CITY>KUT MEPOH TECHOTHI JINHEHHOH CBsI-
31 MEXy 3aBUCUMOM M HE3aBUCUMBIMU IIEPEMEHHBIMHU.

3ameuanue 1. be3 momosHUTENHEHON MH(GOPMAIIMU O pacCCMaTPUBAEMOM IIPOIIECCE, HEIb3s JIeNaTh
BBIBOJI O TOM, KaKOe 3HaueHne kKod)(HImenTa [eTepMUHauy R’ cCYUTaTh JOCTATOUHO BBICOKMM. [l HEKO-
TOPBIX MoJeNeii, HanpuMep, 3Hadenne R° = 0,9 GyneT He JOCTATOYHO BBHICOKHM, B TO BPeMs KaK B APYTHX
MoziensX, HanpuMep, R° = 0,5 MO3BONMT c/IenaTh BHIBOJ 06 aAeKBATHOCTH MOJEIH.

3ameuanue 2. B Mojensax 6e3 KOHCTaHThI 3HaueHUE KO3 UIMEHTa JeTEPMUHALMN MOXKET HE MpH-
HaJIeKaTh oTpe3ky [0, 1]. D10 00BACHIETCS TeM, YTO B CiIyuyae HyJE€BON KOHCTAHTHI yJABOCHHOE MPOU3BE/IC-

HUE ZZei (7,—¥) B (1.40) He paBHO Hym0. B Takux Mojensx pasHele (GOpMyIbl Onpejenenus R’ naioT
i=1

pasHble pe3ynbTaThl M KOA(GUIMEHT AeTePMUHAIIMN CIIOKHO WHTEpHpeTHpoBath. Mcxonas u3 3Toro, Ha oc-
HOBe K03((uIMeHTa 1eTepMUHALIMU HENb3s1 CPABHUBATh MOJIENIM C KOHCTAHTOHM U 6e3 KoHCTaHThL. [loaTomy
B 00LIEM CiIydae, €ClIM HET SKOHOMHUYECKOr0 00OCHOBaHMsI pacCMaTPUBATh MOJENb 0€3 KOHCTAHTBI, TO XKejla-
TEJIHO PaCCMOTPETh MOJEIb ¢ KOHCTAHTOM.
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Ckoppekmuposannwlil KOIhpuyuenm oemepmunayuu

OnHUM U3 CBOHCTB K03 (HIMEHTa JeTepMUHAlUU R SBISETCS TO, 4TO 3TO He yObIBaromias (yHK-
s OT yuciia GakTOpoOB, BXOAALIMX B MOJIENb. DTO CIEAYET U3 onpeneneHus koddduuuenra qerepMruHaIyi.
JICHCTBUTEIBLHO B PABEHCTBE

N 2
ei
R RSS_ 2

S WOk

YHUCINTCIb HC 3aBUCUT, @ 3HAMCHATCJIb 3aBUCUT OT 4YHCJIa q)aKTOpOB MOICIIN. CJ'IGI[OBaTeJ'II)HO, C YBCIIMYCHU-

€M YHCJIa HE3aBUCUMBIX IEPEMEHHBIX B MOJIENH, KO3(PPULIUEHT JeTepMUHALIUT R? muxorna e yMEHbIIaeT-
csa. Torma, ecnu CpaBHUTH ABE PErPECCUOHHBIE MOJIEIN C OJHOM M TOM € 3aBUCHMOW NEPEMEHHOM, HO pa3-
HBIM YUCIIOM (PAKTOPOB, TO OoJiee BHICOKUN KOI(DPHUIIMEHT neTepMUHAIIUU OYyIeT MOTy4eH B MOJENHU ¢ 0O0Jb-
mmM guciioM (akropos. [ToaToMmy HEOOXOAUMO CKOPPEKTHPOBATH KOA(PPHUIMEHT JACTEPMUHAIIMNA C yUETOM
KoJin4yecTBa (paKTOPOB, BXOASAIINX B MOJEIb.

Ckoppexmupogannulii (MCTIDABICHHBIN MM OIICHEHHBIN) KOA(PPHUIIMEHT NeTePMUHALUN ONPEICIISIOT
ClIeAyIOUIMM 00pa3oM:

S1--RHy-T

Z(y, 5) /( ~1) n-k-l

Hecnoxxno 3ameTuts, pu k > 1 ucnpaBieHHbIH KOAGOUIMEHT AeTepMUHAIMNA MEHbIIE KA UIm-

enta nerepmuHanuu (R* < R?).

3ameuanmue. VcnpaBieHHbIH KOADOUIHESHT TETEPMUHALUN MOKET MPHHUMATh OTPHIIATEIbHBIC 3HA-
yeHus. [Ipu 3TOM, ecinu CKOPPEKTUPOBAHHBIM KOA(PQPHUIMEHT AETEPMHHALMU MPUHUMAET OTPHULATEIBHOE

2 2 k
3Ha4YCHHE, TO R~ MpUHUMAET 3HaYeHue OJIM3Koe K Hymto ( R° <——).

CTATHCTHYECKHE BbIBOIbI B MOJEJIH MHOXECTBEHHOH PETPECCHH

Ilposepxa cunomes, omnocawuxcs K Kod¢hguyuenmam pezpeccuu

Jlnst k03 PHUIIMEHTOB MHOXKECTBEHHOW PErpecCHuy MPOBEpKa t — TECTOB MPOBOJUTCS TAKKE KaK U B
cirydae mapHoi perpeccuu. [Ipu 3aJaHHOM KPUTHYECKOM YPOBHE O TPOBEPSEM HYJIEBYIO TUIIOTE3y O 3HAYH-
MOCTH KodduireHTa perpeccuu b, T.€. TUIIOTE3bI

Ho: b; = 0 mpu anpTepHaTUBHON TUIIOTE3E
H;: bi #0.

Ecnm HET OCHOBaHUS OTBEPTHYTh HYJIEBYIO TMIIOTE3Y, TO HE3aBHCHMAas NEPEMEHHAs HE OKa3bIBACT
BJIMSIHUSL Ha OOBSACHAEMYIO MIEPEMEHHYIO B paMKaX JTMHEHHOM MOJENH U €€ MOXKHO MCKIIOYUTh. CTaTUCTHKA
JUISL TIPOBEPKH TUIIOTE3bI UMEET BUT

b,
S5y (1.49)

AHaJIOTMYHO MOXHO MTPOBEPUTH TUTIOTE3Y

Ho: Bi= Bo mpu anbTepHaTUBHOU

H;: Bi¢ B().
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I[J'I?[ IMPOBECPKHU 9TOM T'UIOTE3kI HCIIOJIb3YCM CTAaTUCTUKY

_ bi — B?
t——SE(bi) . (1.50)

[Ipu 3aganHOM 3Ha4YEeHUH O IO Tabmwmie ¢ — pacnpeneneHus CTprofeHTa ¢ h — k — 1 creneHs Mu cBo-
0ozbl ompesensieM KpUTHUECKOE 3HaYeHUEM tp(a, n — k — 1). Ecau |¢| > ¢, To runoresza Hy oTBepraercs c
BEPOSITHOCTBIO OIIMOKM PaBHOW Ol M COOTBETCTBYIOIIUM MapaMeTp cuuTaeTcsl 3HauUMMbIM. Eciu |f| < £, TO
runote3a Hy He oTBepraercs, mapamMeTp CYMTACTCS HE 3HAYMMBIM M COOTBETCTBYIOIIAS MTEPEMECHHAS MOXKET
OBITH BBIBEJICHA M3 MOJIEIIH.

JloBepuTEIIbHBIC MHTEPBAJIBI ONPEISISIFOT TOYHO TaK K€, KaK U B CJIy4ae MapHOW perpeccuu, a UMeH-
HO

(b, —SE(b,)-t,,:b, +SE(b)-1,,), (1.51)

hp;
1€ 3HaU€HMUs f, OIPEEIIAIOT NIPU BBIOPAHHOM YPOBHE 3HAYMMOCTH O B Tabmau1e pacupeneneHus CTbloeH-
Ta ¢ n — k- 1 crenedsaMu cBOOOIBI.

IIposepka 3Hauumocmu mooenu
3HAUUMOCTh PETPECCUOHHON MOJEIM O3HA4YaeT, YTO HE3aBHCHMBIE NEPEMEHHBIE B COBOKYIHOCTH
OKa3bIBAIOT BIIMSHHME HA 3aBUCHUMYIO NTE€pEMEHHY0. JlJI1 IpOBEPKU MOJENIH Ha aIeKBaTHOCTh ITPOBEPSIIOT HY-
JIEBYIO TUIIOTE3Y

Ho: B1=B2=...= Pr.= 0 npoTHB aIbTEpHATUBHON TUIIOTE3Y
H;: xoTs1 ObI 0/1HO 3HaYCHHE B; OTIMYHO OT HYJIS.

JIns mpoBepKU HYJIEBOM TMIIOTE3bI UCNIOAB3YIOT F — cratuctuky duiepa

R ESS
k k
P =25 (1.52)

n—k—1 n—k-1

[Ipu BEIOpaHHOM YpPOBHE 3HAYMMOCTHU O TI0 Tabmuie pacnpenenenus Oumepack—1un—k - 1 cre-
HEHAMHU CBOOOABI OIpeAEsieM KpUTHYECKoe 3HaueHue I ,. Eciu |F' | < Fyyp, To runotesza Hy He oTBepraercs
u Mojenb HeanekBaTHa. Eciu |F]2F,, To runote3a Hy OTKIOHSIETCS 1 MOZENb B LIEJIOM MOKHO CUUTATh ajie-
KBaTHOM.

Ilowazoswiit pecpeccuonnblii Memoo

[Tpu mocTpoeHUH PerpecCHOHHON MHOTO(AKTOPHONW MOJENIH BO3HUKAET JIBE MPOTHBOIOJIOXKHbIEC 3a-
Ja4n:
1. s Toro, 4To0bI MOJIENb MOXHO OBLIO MCIIOJIB30BATh Uil MPOTHO3a, JKEJNATEIbHO BKIIOYUThH
B HEE KaK MOKHO 00JbIle (JaKTOPOB, OKA3bIBAIOIIMX BIUSHHUE HAa 3aBUCUMYIO IEPEMEHIO.
2. HccnenoBanue Moaenw ¢ OONBUIMM YHCIOM HE3aBHCHMBIX MEPEMEHHBIX TpeOyeT OOIbIINX
3aTpar, CJIe0BaTeIbHO B MOJIENb JKEJIATEIbHO BKIIIOYMTH TOJIBKO Hanbosee 3HaYMMble (aKkTo-

pBI.

Aneopumm memooa

1. BriOupaeM (axTop, KOTOPHIA MMEET MAaKCUMAJIbHBIH KO((OUIIMEHT KOPPENALUU C 3aBUCH-
Mo# mepemeHHo y. CTpouM OJHO(AKTOPHYIO MOJENbh U MPOBEPSIEM €€ 3HAUMMOCTh. Ecim
MOJIeNIb He 3Ha4MMa, TO Ipollecc ocTaHaBiuBaeM. Eciu Mozenb 3HauMMa, TO BHIOMpaeM ere
oJH (haKTOp, KOTOPBIA MOXKHO BKJITFOUYUTH B MOJICb.

2. CTpPOMM HOBOE ypaBHEHHE PETPECCHH C ABYMs HE3aBUCHUMBIMH IE€peMEHHBIMU. B cooTBeTCT-
BUU C pe3yJbTaTaMu MPOBEPKU MOJEIH Ha aJIeKBaTHOCTh, HOBasl IepeMeHHast TH00 OCTaeTcs B
MOJICIU, JTU00 M3 HEeE MCKIII0UAETC .
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3. Tlpomecc mpekpamaeM, eciid HA OJWH U3 (DAKTOPOB OOJIBIIE HE MOXKET OBITh BKJIFOUEH B MO-
JeITh WJTU MCKITIOYCH U3 Hee.

MeToa Bcex BO3MOKHBIX perpeccuii

CornacHo METOIly CTPOSITCSI BCEBO3MOXKHBIE PETPECCUOHHBIE YPaBHEHHsI, KOTOpbIE 0053aTENIBHO CO-
nepkar cBoGoxHbIA wieH [3,. W3 kax[oll cepuM pEerpecCHOHHBIX YPAaBHEHHH, COCPIKALIUX OIMHAKOBOC
YHCI0 OOBSICHAIOUIMX NEPEMEHHBIX, BBIOMpAETCs MOJENb C MaKCUMAJIbHBIM KO3(Q(QHUIUEHTOM JeTepMUHA-

uu. HetpyiHo mocuurtaTh, 4YTO YUCIIO BCEX aHAIM3UPYEMBIX MOJEIEH pPaHO 2% —1, rme k — ancno (axTo-
poB. Peanuzanus metona TpedyeT 00bIIOro 00beMa BHIYUCICHUH, TIOATOMY UCIIONB3YETCs IPH HEOOIBIIOM
qucie (pakTopoB, BXOJAIINX B MOJIEINb.

PaccMoTpuM MeTOJ Ha MpUMeEpe PEerpecCHOHHON MOJeNu, coAepkaliei 3 oObSICHSAIOUINX MepeMeH-

. 3
HBIX: X, X,,X;. UHCIO BCEBO3MOXHBIX perpeccuii paBuo 2° —1=7.

Ha nepsom waze ctponM BCEeBO3MOXKHBIE OJJHO(AKTOPHBIE ypaBHEHHE (MX YHCIIO PABHO TPEM) U BbI-
OupaeM MoJieNb, UMEIOIYI0 MAKCUMaNbHbIM KO3(pGUIMEHT aetepMuHauuu. Ha emopom waze crpoum Bce-

2
BO3MOXHBIE IBYX(akTopHbie Mogenn (ux uucio - C; =3) u onpezensieM MOJEIb, COACPXKALLYIO mapy (ak-

TOPOB, KOTOpasi UMEET MAaKCUMAaJIbHO TECHYIO CBS3b C OOBSICHsIEMON NepeMeHHON. OueBUIHO, YTO B ATY Mapy
MOXKET HEe BXOJIUTh MEPEeMEHHAs, BRIOpaHHAs Ha mepBoM Inare. Ha mpembem wiace onenuBaeM TpexdakTop-
HYIO MOJIeNIb. AHAJIM3UPYEM, BEIOpAHHBIE HAa KaXKIOM Iare Mojaenu. HeT cTporux mMaTeMaTuyecKux MpaBuil,

IIO3BOJJIAIOIIUX BLI6paTI: OIITUMAJIBHOC 4YHUCIIO kO (1)aKTOpOB, BKIIIOUAa€MBbIX B MOACIIb. OI[HaKO B OOJIBIIMHCT-

BE CJIy4aeB MPaBHJIBHOE PEIICHHE MOXKHO MOIYUUTh cieayonmm oopazom. Ha rpaduke mo ocu abcruce oT-
KJIaJbIBaeM 3HaueHue uncia GakTopoB k, a IO OCH OpPAMHAT — COOTBETCTBYIOIIEE 3HAUECHUE HCIPABICHHON

mucriepern R°(k). OpHoBpeMeHHO Ha TpadKe CTPOMM BENMUMHY HIDKHEI IOBEPUTCIBHON TpAaHHIBI
RZ, (k) mnst kosdduupenta nerepmunamun R, BorMucenHyo o Gpopmyiie

2e(n—k—1)
(n—1)(n" -1)

HpennaraeTCﬂ B KAQUCCTBC OIITHUMAJIBHOI'O 3HAYCHHA YHCJIa kO q)aKTOpOB, BKJIIIOYa€MbIX B MOACIb,

R: =R*(k)-2 (1-R*(0)).

52
BBIOMpATh 3Ha4YeHue k, mpu koTopom Bemmunna R, (k) mocturaer coero makcumyma.

R’ (k)

HAPYIIEHM I OCHOBHBIX ITPEJIITIOCHUIOK KJIACCUYECKOM PETPECCUOHHOM MOJIEJIN
MyabTHKOJJIMHEAPHOCTh

OnHUM U3 OCHOBHBIX HPEINOI0KEHUH MPU NOCTPOSHUH MHOTO(paKTOPHON MOJENH sBJIseTCs TpeOo-
BaHUE OTCYTCTBHE MYJbTUKOJJIMHEAPHOCTH. Ha mpakTHke ke 4acTo BO3HUKAET MpoljemMa B3auMOCBS3U Me-
Ky HE3aBHCHMBIMU NEpEeMEHHBIMH. B 3TOM citydae OOJIBIIMHCTBO OLICHOK OKa3bIBAIOTCS HE3HAYMMBIMH, B
TO BpeMs KaK perpeccus B II€JIOM 3HauuMa. B ToMm citydae, korja MMeeT MecTO NOJIHAs KOJUIMHEAPHOCTh He-
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B03MOHO noctpoutb MHK — onienku napamerpos monenu. OHaKO MOMHAS KOJUIMHEAPHOCTh MPAKTUYECKU
He BcTpeuaeTcs. Yalne Bcero BO3ZHUKAET CUTyalus, KOTJa MEKIy 3aBUCUMBIMH IIEPEMEHHBIMHU CYLIECTBYET
OYeHb TeCHas CBs3b. B 3TOM ciydae (opmanbHo MoxkHO nmoctpouth MHK — onenku mapameTpoB, oaHaKO
MoJieNb OyAeT «I0xoi». Ha ocHOBE MOTyd4eHHBIX OLIEHOK HEBO3MOYKHO CIIENaTh BBIBOJBI O BIMSHHUE HE3a-
BHCHMBIX IIEPEMEHHBIX HA 3aBUCUMYIO IIEPEMEHHYIO.

Hpu3HGK’M MYJIbMUKO/IIUHEAPHOCMU.

1. B mozenu ¢ AByMsl MEepeMEHHBIMU OJJHUM M3 MPU3HAKOB MYJIbTHKOJUIMHEAPHOCTH SIBJISIETCS OJIM3KOE K
eAHUIE 3HaUYeHHE K03 dUIMeHTa napHou koppesiuu. Ecim 3nauenue xotst 661 0qHOTO M3 K03 duim-
€HTOB MapHOU Koppensauuu Oosbiue, yeM 0,8, TO MyJIbTHKOIMHEAPHOCTh MPEICTaBIAET COO0M cephes-
Hy!0 npobsieMy. OJHAaKO BBICOKOE 3HadeHHEe K03()(PUIMEHTOB MapHON KOPPEISALMH ABISETCA JOCTaTo4-
HBIM, HO HE HEOOXOIUMBIM yCIIOBUEM HaJUYUsl MYJIbTHKOITMHEAPHOCTH.

2. B Mopnenu ¢ 4nucioM He3aBUCHUMBIX MEPEMEHHBIX OOJbILE JBYX, HApHBIA KOA((UIHEHT KOPPEISALNUU MO-
KET MPUHUMATh HEOOJIbIIOE 3HAUCHHE JJAXKe B CIIyyae HAJMUYUS MYJbTHKOJUIMHEApHOCTH. B 3TOM ciyuae
Jy4llle paccCMaTpUBaTh YacTHbIE KO3()PULIIMEHTHI KOppesaLny.

3. s mpoBepKH MYJIbTUKOJUIMHEAPHOCTH MOXKHO PACCMOTPETh JIETEPMUHAHT MAaTpULbl K03(duumeHTon
MapHOW KOPPEJSIUH [1|. DTOT IeTepPMUHAHT HA3BIBACTCS JETEPMUHAHTOM KOPPEIAIUN [t| €(0; 1).
Ecnu [r| = 0, TO cymiecTByeT nmojHasi MyJbTHKOUIMHEapHOCTh. Eciu || = 1, TO MyJIbTHKOIIMHEAPHOCTh
orcyTcTByeT. Uem Oumke |r| K HyJITI0, TeM 00Jiee BEpOSITHO HATMYNE MYJIbTUKOJUTMHEAPHOCTH.

4. Ecnu oueHKH MMEIOT OOJbILIME CTaHJApTHBIE OMIMOKU, HEBBICOKYIO 3HAYMMOCTb, HO MOJENb B ILIEJIOM
3HaYMMa (MMEeeT BBICOKHH KO3(pPULMEHT JeTepMHUHAIINH), TO 3TO CBUAETEIBCTBYET O HAJIMYUE MYJIbTH-
KOJIJTMHEAPHOCTH.

5. Eciuu BBeneHue B MOJEIb HOBOM HE3aBUCUMOM NEPEMEHHOM IPUBOJUT K CYILECTBEHHOMY MU3MEHEHUIO
OLIEHOK ITapaMeTpOB U HEOOJBIIOMY U3MEHEHHIO KO3(pULIMeHTa AeTepMUHALMH, TO HOBasl IepeMEHHas
HAXOJUTCS B TMHEHHOW 3aBUCUMOCTH OT OCTAJIbHBIX EPEMEHHBIX.

F — mecm ona eviaenenus mynomuxoniuneapnocmu (aneopumm Peppapa — I'nobepa)

Hanuyne MyJIbTHKOJUIMHEAPHOCTH CBHJIETENBCTBYET O JMHEHHOW CBSI3M MEXIY ABYMs WM Oojee
dakxropamu. [ToaToMy TSl BBISIBICHHS MYJIbTHKOJLUTHHEAPHOCTH MOXKHO MOCTPOUTH PErPECCHOHHYIO 3aBUCH-
MOCTBH KaX/10TO (haKkTopa X; OT OCTAJIbHBIX (PAKTOPOB U BBIYUCIUTH COOTBETCTBYIOUIME KOA(PPUIMEHTHI Je-
TEPMUHAIIHH.

IIpumep. Ha cpennemecsunyto 3aprary BIuseT psaa (GaKTOPOB, B HACTHOCTH, MPOU3BOAUTEIBHOCTD
Tpyaa, GOHIOEMKOCTh M KO PHUIIMEHT TeKyuecTn padoueid cuiibl. Ha OCHOBE CTaTUCTUYECKUX JAHHBIX MPO-
BEPUTH HAJTMUNE MYJIbTUKOJIIMHEAPHOCTH.

Homep| mnpou3BOAUTENBHOCTH DOHI0EMKOCTB, KOO PHUIHUEHT TeKy4IeCTH
exa TPYAa, MIIH.TPH./4ell. paboueil cuibl, %
1 32.00000 0.590000 10.50000
2 29.00000 0.430000 15.50000
3 30.00000 0.700000 13.50000
4 31.00000 0.610000 9.500000
5 25.00000 0.510000 23.50000
6 34.00000 0.510000 12.50000
7 29.00000 0.650000 17.50000
8 24.00000 0.430000 14.50000
9 20.00000 0.510000 14.50000
10 33.00000 0.920000 7.500000
Pemenune. Berancium matpuily ko3¢ puineHToB mapHOH KOPPETSAIHH.
X4 X2 X3

X 1.000000 | 0.494236 | -0.551271

X2 0.494236 | 1.000000 | -0.516794

X3 -0.551271 | -0.516794 | 1.000000
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Ha ocHoBe 3HaueHM KOAQPHUIUEHTOB NAapHONW KOPPEISAIMHA MOYKHO C/IENaTh BBIBOJ, YTO MEXIY Ie-
PEMEHHBIMHU X, X2, X3 CYIIECTBYET CpeHss CBA3b. OHAKO HENb3s CKa3aTh CYIIECTBYET JIM MYJbTUKOJIIMHE-
apHOCTh, UM HET. [ BBIABICHHUS MYJIbTHKOJUIMHEAPHOCTH HCIIONB3yeM anroputm deppapa — ['nobepa.

1. JImst kak1o¥ mepeMeHHOM MTOCTPOUM PErPECCUOHHYIO 3aBUCUMOCTD OT OCTaIbHBIX (hakTopoB. CHa-
yaJia, HallpuMep, CTPOUM JIMHEHHYIO PETPECCUIO BHUIA

X1 = Cp T C1X11+ C2Xp
B pesynbrare nosryyaem Tpu 3Ha4eHUs F- CTaTUCTUKHU.

1. |F-statistic 2.000490
2.  |F-statistic 1.724138
3. |F-statistic 2.171654

[Ipu yporHe 3HaumMocTH oo = 0,05 U cTeneHsx cBoOoAb! Y = 7, V2 = 2 HAXOAUM TaOJIMYHOC 3HAUCHHE
kputepust F = 4,74, Tak kak Bce (pakTHUeCKUe 3HAYCHUSI MEHBIIIE TAOJMYHOTO, TO HE OJIHA U3 MEPEMEHHBIX
HE MYJIbTUKOJJIMHEAPHA C ABYMS JPYTUMHU.

2. IIpoBepsieM Ha MyJBTUKOJJIMHEAPHOCTH BCE Mapbl. J{Jisl 3TOro paccUUTHIBaEM YacTHBIE KOA(huIu-
€HTBI Koppensiuu o Gopmyie

l"xy—f’le"yz

Ja-r-r")

rxy.z

Otcrona
T123= 0293,
T132=- 0.397;
231 = - 0.337.
YacTHbIe KOS(l)(bI/II_[I/IeHTBI KOPPEIINN XapaKTCPU3YIOT TCCHOTY CBA3ZHU MCXKOY ABYMA INIEPEMCHHBIMHU
IIPU YCIIOBHMHM, YTO TPEThs NEPEMEHHAasi HE BIUET Ha 3Ty CBs3b. Ha 0CHOBE YacTHBIX KO3 PHUIIMEHTOB KOppe-
JIAIMY ONIpPENesieM ¢ - CTAaTUCTHUKHU. I[J'ISI pacdera uCIoJIb3yEM d)OpMy.]'Iy

[Tonyuaem
tn=0.811, t;3=1.146, t,3=0.947.

TabnmuuyHoe 3HaueHue ¢ - kputepuss CThIOAECHTA MpPU 7 CTEMEHSAX CBOOOABI M YPOBHE 3HAUMMOCTH
o = 0.05 paBHo 1.89, ut0 GoBINE KAXAOTO HAOMIOMAeMOTO 3HaueHus. Cle0BaTeIbHO, BCE Taphl HE MYJIb-
TUKOJUTMHEAPHBI.

TaKI/IM 06p330M, CymeCTBYIOHIaSI MG)KI[y HC3aBUCUMBIMHU HepeMeHHI)IMI/I CBsA3b HC HpI/IBOI[I/IT K MYyJIb-
TUKOJUTMHEAPHOCTH U MO3BOJISIET CTPOUTH PETPECCHOHHYIO MOJIETTb.

Ymo modcHo npednpunﬂmb 6 caydae MyabmuKoJUIUHeAPHOCMU.

e (OueBUIHO, CBSA3b MEXIY NMEPEMEHHBIMH H3MEHSETCS C M3MEHEHHeM oO0bhema BhIOOpKHU. [loaTomy
IIPOCTOE YBEIMYEHHE YMCIA HAOIIOACHUS MOXET MPUBECTH K YCTPAHEHHIO MYJbTHKOJUIMHEapHOCTH. Jlis
3TOTO JI0CTaTOYHO, HAIIPUMEP, 3aMEHHUTD €KETOJHbIC HAOIIOICHHSI €KEeKBAPTAIbHBIMU.

¢ [IpoGieMy MyJIbTHKOJUTMHEAPHOCTH MOXHO PEIIUTH C MTOMOIIBIO aHAJIN3a UCXOTHOW HHPOPMALINH.

e VYMCHBILIECHUE 3HAYEHUS NUCIEPCHUU BO3MYLICHMS TAKXKE IOMOIAeT PEIINUTH BOIIPOC O MYJIBTHUKOJ-
nuHeapHocTH. CiyyaiiHas BeTMUMHA BKJIIOYAeT B ceOsl BIMSHHME HA 3aBUCUMYIO NEPEMEHHYIO Y (DakTOpoB He
BKJIIOUEHHBIX B Mojieib. CienoBarenbHO, MyJIbTUKOUIMHEAPHOCTh MOXET BO3HUKHYTh B pe3yjbTaTe TOrO,
YTO B MOJETbh HE ObUIa BKIIOYEHA BaXkHas NepeMeHHas. BBeneHue 3Toil nepeMeHHON B MOJIENIb MOXKET pe-
AT MPOOIIEMY MYJIbTHKOJUTMHEapHOCTH. OIHAKO HOBAs IMEpEeMEHHAasi MOXKET KOPPEIUpoBaTh C OJHON WIN
OoJiee IEpEMEHHBIMHU YK€ BKIIOUEHHBIMU B MOJIENb, YTO YCHIIUT MYJIbTUKOJJIMHEAPHOCTD.

e Jlns mocTpoeHuss MOJENU Hal0 MOIYYHTh BBHIOOPKY, COAEPIKAIIYIO MEepeMEeHHbIE Cllab0 CBS3aHHBIC
MeX1y co00M, HO CUIIbHO BIIUSIOLINE HAa 3aBUCUMYIO IEPEMEHHYIO.

e JlnsA mcnpaBlIeHUs MYJBTHKOJUIMHEAPHOCTH HCIOJB3YIOT CHELUAIBHBIE CTATUCTUYECKUE METOJBI:
(bakTOpHBII aHANN3, METOJ IVIABHBIX KOMIIOHEHT, IpeOHEBast perpeccus u ap.
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I'emepockedoacmuunocmeo

[Ipu omenku mapameTpoB MHOXKeCTBeHHON perpeccun MHK HeoOXxomammo, 4ToOBI OCTATKU MMENH
OJIMHAKOBYIO JAMCIIEPCHUIO (YCIOBHE TOMOCKETACTUYHOCTH). B ToM ciyuae, korna 3To TpeOoBaHHE HE BBINOJ-
HseTcs (MO TeTEPOCKEAACTHIHA )

1. MHK - onenku OyayT HECMELIEHHBIMH, HO HE OyayT 3 deKTuBHbIMU (HE UMEIOT MUHHUMAJIbHOM
JTUCTICPCHUN ).

2.CraniapTHble OIICHKHM KoBapuaroHHoOH matpuibl MHK — orieHku OynyT cMeleHHBIMH, a CIeio-
BaTeIbHO, MIPOLEAYPHI IPOBEPKU TUIIOTE3 U MHTEPBAIBHOIO OLCHUBAHUS, OCHOBAaHHBIEC HA CTAHIAPTHBIX CTa-
TUCTHKAX, OyIyT HEKOPPEKTHBIMH.

Iapamerpuuecknii Tect INoaadenna-Kpanara
[Tpu mpoBepkH MOJENH Ha TETEPOCKENACTUYHOCTh C MOMOINBIO MmapameTpudeckoro tecra ['omnden-

I[a-KBaHILTa mpearnoagaracTCsa, 4YTo CTaHIApPTHOE OTKIIOHCHUE O ; PacCIIpCaCICHUA BGPOHTHOCTCﬁ OIInO0K gi
MponopuruoOHaJIbHO 3HAYCHUIO HE3aBUCUMOM HepeMeHHOﬁ Xi B 5TOM Ha6J'IIOI[eHI/II/I. Kak u Mmpexac, Npearo-

JJaracTcs, 4Tro OIINOKH gi HMCIOT HOPMAJIBHOC pAaCIPCACIICHUC U HC NTOABCPIKCHBI aBTOKOPPCIIALNN.

Paccmotpum anroputm napamerpuueckoro tecra ['onndenna-Ksanara.
Ilaz 1. Bce n HaOmOaeHUHN yIOPSIOYMBAIOTCS B COOTBETCTBUU C BETUYHMHOMN 3JIEMEHTOB BEKTOpA

Ilac 2. OtOpacsiBatoTCs CpeiHUEe C HAOMIOJCHUH, TIe

c 4
n 15
U n — ob1ree Ynciio HaOIIo e HUI.
Hlaz 3. Ctpositesa ¢ nomoupro IMHK 11Be sxoHOMETpHUEcKne MOJENH JUIsl TIEPBBIX 1, = — U s

HaOJIFO[EHUIA.

n
MOoCJICAHUX N, =

1az 4. OnpenenseTcss CyMMy KBaJpaTOB OCTATKOB I10 NMEPBOM M BTOPO MOJIEIISIM:

A2 o o o
Gl — OLCHKa JUCIIEPCUH BO3MYIICHUU I10 IICPBOU I'PYIIIIC Ha6J'IIOI[eHI/II/I,

A2 . . .
G5 — OLIEHKA JIUCIIEPCHU BO3MYILEHUH 10 BTOPOM IPyIIIe HAOIIOIEHUI COOTBETCTBEHHO.
Illaz 5. Beraucnsercs KpUTEpUI:

KoTopbIii umeeT [ — pacnpenenenve ¢ y, =(n,—k—1) u y, =(n, —k—1) crenensmu cBoGOAbI. Beruncien-
Hoe 3HaueHHe [* cpaBHMBAeTCS ¢ TAONMYHBIM 3HAYECHHEM F,, xputepus ®Ouniepa uis cTeneHed cBoOOIbI
7, =(n —k—=1) u y, =(n, —k—1) n BeiOpannoro yposust nosepust « . Ecnn F < F, , To runoresa o rerepo-

CKEJIaCTUYHOCTH OCTATKOB OTBEpraeTcs..
Ecam Mmonens comepkut 60jiee 0HOM HEe3aBUCUMOM MEPEMEHHOW, TO HAOIIOACHHS YIIOPSI0YMBAIOT-

Csl TIO TOW MIEPEMEHHOM, KOTOpast MPEIIOJIOKUTEIHFHO O0BICHSIET TeTePOCKETACTHIHOCTh OCTATKOB.
3AMEYAHUE. Tlapametpuueckuii Tecta ['onadenma-KBanara MoxeT ObITh MCIIONB30BaH JJIsl MPO-

BCPKH Ha I'CTCPOCKCAACTUIHOCTD B TCX ClIy4dasdaX, KOraa CTAHAAPTHOC OTKIIOHCHHUC O-i pacpeaciiCHus BEPO-

SITHOCTEH OMHMOOK &£, 0OPAaTHO MPOMOPIMOHATLHO 3HAYCHHIO HE3aBUCUMOI epeMeHHoi X, B 9ToM Habuo-
nenuu. B atom ciayuae kpurepuii (5.13) umeer Bua:
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N3 (5.13) u (5.14) cnenyert, 4TO KpUTEPHIl MOKHO 3aIKUCATh CISTYIONTUM 00pa3oM:

A2 A2

(&) ) A2 9 A2 A2
F=—, ecmn 6, <6, u F=_,ecin 6, <6 .

O, O,

IIpumep. OueHUTh MapaMeTpsl MOJEIH, XapaKTEPHU3YIOLIEH 3aBUCUMOCTh 3aTpaT Ha MUTAaHHE OT 00-
IIMX 3aTpaT Ha OCHOBE JAAHHBIX, IPUBEICHHBIX B TaOIHLIE.

obs Y X obs Y X
1 2.300000 15.00000 10 2.500000 22.00000
2 2.200000 15.00000 11 3.100000 64.00000
3 2.080000 16.00000 12 2.400000 68.00000
4 2.200000 17.00000 13 2.820000 72.00000
5 2.100000 17.00000 14 3.040000 80.00000
6 2.320000 18.00000 15 2.700000 85.00000
7 2.450000 19.00000 16 3.910000 90.00000
8 2.500000 20.00000 17 3.100000 95.00000
9 2.200000 20.00000 18 3.990000 100.0000

Pemienue.

1. TIpoBepuM HaIM4HME TETEPOCKETACTUIHOCTH C TMTOMOIIBIO TapameTpudeckoro tecta ['onmadenaa — Kpana-
ta. [Ipy mpoBepky MO 3TOMY KPUTEPUIO MPEANOIAraeTcs, YTO CTaHAAPTHBIE OTKJIOHEHUS G; paclpeaese-
HUSL BEPOSTHOCTEH OMMOOK #; MPOTOPIHUOHAIBHBI (MM 00paTHO MPOMOPIHUOHATIBHBI) 3HAYEHUIO Iepe-
MEHHOM X B TOM HaOIIOICHUH.

e VYHopsaoyuM MepeMeHHbIe TIo Bo3pacTanuio. Eciu B Moienu 6osee oTHOM OOBICHSIOIICH TepeMEHHOM,
TO HaOII0AEHNUS HEOOXO0IUMO YIIOPSAIOUUTh IO IEPEMEHHOM, KOTOpas MPEAI0JIOKUTEILHO CBA3aHa C Cj.
e OrOpocum C mepeMeHHBIX HaXOAIIMXCS B cepenuHe psaa. 3HaueHue C ompezenseM U3 paBEHCTBA
C_t =4
n 15
e Ha ocHoBe nBYX rpynn HaOMIOACHUNA TOCTPOUM PETPECCUOHHBIE MOJIETH.
[lepBas monenn: Y =1.474680851 + 0.04553191489*X.

Bropas mogenb: Y =-0.259545298 + 0.04029968998*X.
e HaxonuMm HaOmrogaemMoe 3HaYeHUE CTaTHCTHKU Dumiepa. Tak Kak JJig OCTaTOYHBIX AUCTIEPCHH CIIpaBel-
JTUBO HEPABEHCTBO G, > G

ul >

TO CTATUCTHUKA UMCECT BUJ
2
0%, 0823497

Sl =11,004
o2, 0,074532

Gi IPOIMOPLIMOHATILHO U;.

2
(¢)
_ ul
TO R ——2)
u2

(Ecnu 6., >G.

u

e Haxoaum tabanuHoe 3HaueHue F — CTaTUCTUKU €O CTENEHAMU CBOOOAb! 1, —k =5 U n, —k =5 W ypoBHE
nosepus 0,01. Fi, = 10,97. Tak kak R > F,,, nCX0HBIE TaHHBIE T€TEPOCKETACTUYHBI.
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0630p: CITYUYANWHBIE NEPEMEHHBIE U TEOPUS BBIBOPOK

Onpedenenue. Besikast neiictButenbHas GyHkims & = E(w) Ha (2 Takas, 4TO JJI KaXJA0TO TCHCTBUTEIb-
HOro X € R MHOXecTBO {® : §(®) < X} — sBIAETCA COOBITHEM, HAa3bIBACTCS JCUCTBUTEIBHON CITydyailHOU Be-
JINYAHOU.

Crnyuaiinas BeIMUMHA &, MHOXKECTBO PA3IMYHBIX BO3MOXKHBIX 3HAUEHUIN KOTOPOH KOHEYHO HIIM CUETHO,
Ha3bIBACTCS AUCKpeTHOU. Onpenennm

pi =P{&=xi} =P{o : (o) = xij.
OueBunHo, uTO p; = 0m X p;=1.
YUCJIOBBIE XAPAKTEPUCTUKHU JIMCKPETHBIX CJIVUAMHBIX BEJIUYMH

[Ipennonoxum, uro & = E(w) — AuCKpeTHas ciaydyaiiHas BEJIMYMHA, IPUHMMAIOIIAs KOHEYHOE YHUCIIO
3HA4eHUH Xj, X2, ..., Xp. 10r71a MATEMaTUUYECKUM OXKUJAHUEM ciydyailHON BennuuHbl & (0003Hayaercs ME)
Ha3bIBAETCS YUCIIO

Mg = inpi .

=1
CBolicTBAa MATEMATHYECKOT0 O;KHIAHNSA

1. Maremaruueckoe 0XKuJaHre MOCTOSHHON BETMYMHBI PaBHO caMoil mocTostHHOM, T.e. MC = C.

2. TlocTostHHBII MHOXHUTEIh MOKHO BEIHOCHTH 32 3HAK MaTeMaTH4YECKOro oxxkumanus, T.e. M (CE) =
C McE.

3. MaremaTuueckoe OKUIAHME CyMMBI JIBYX CIy4YalHBIX BEJIMYMH PaBHO CyMME UX MaTeMaTHye-
CKHMX okunanui, T.e. M (§ + 1) = ME + Mn.

4. MaremaTn4eckoe OKHIaHHE MPOU3BECHNUS IBYX HE3aBHCUMBIX CIyYailHBIX BEMYUH PaBHO IPO-
M3BEJICHUIO X MAaTEeMAaTHUYECKUX OXKUIAHUM, T.€. €M & U 1 He3aBUCUMBI, TO M(En) = ME-Mn.

Jucnepcueii DE cinyyaitHON BeIMUMHBI Ha3bIBAETCSl HEOTPHUIIATEIHLHOE YHCIIO
n
- 2
DE=3 (Xi ‘Mé) Pi-
i=1
Ha mpakTrke 4acTo mpuMeHSIOT IpyTryto 0oJiee yaA0OHYIO ISl BRIUUCIECHUN (HopmyIry

DE= Y. x,” pi - (ME).

Cpennee KBaJpaTHYECKOE OTKIOHEHHUE Gg (MM CTaHAApTHas OMMOKa ) CIlydailHOM BEIMYUHBI § OIpe-
NENIAETCS PABEHCTBOM
o, =4D¢.

CBoiicTBa quCcnepcun

—

Jucnepcusi TOCTOSTHHOW BEJIMYMHBI paBHA HYJI0, T.€. DC = 0.
2. TlocTosiHHBII MHOXHUTENh MOKHO BRIHOCHTB 32 3HAK JIMCIIEPCHUU, BO3BOS €ro B kBajpart, T.e. D(CE) =
C’DE.
3. [ucnepcusi cyMMBbl U Pa3HOCTH JIBYX HE3aBHUCHUMBIX CIy4YalHBIX BEJIMYMH PaBHA CyMME IUCIEPCUM
ciaraemslx, T.€. D (§ + 1) =D&+ Dn.
[TycTh 3amaHbl 1BE Cly4aiiHble BETUYUHBI § U 1 HaJl OJHUM U TE€M K€ MPOCTPAHCTBOM 3JIEMEHTAPHBIX UCXO-
noB. KoBapuanuei 3Tux ciiydyaiiHbIX BEJIMYUH HA3bIBAKOT BEJIMUUHY

cov(&, M) = M [(§ - ME)(n — Mn)].
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Tax xak DE > 0 u Dn > 0, To MO’KHO OIIpPENETUTH BEINYNHY

(e ) _cov(Em) _ cov(gn)
&n) Tt JDr oo

KOTOpasi Ha3bIBaeTCs KO duyuenmom Kopperayuy crydalHbIX BeIUUnH & U 1. JIerko 1okasartp, 4To

cov (‘:s 11)2 Z (Xi_Mé)(Y_j_Mn)P(Xi’Yj): Z XiyJ'P(Xi’yJ')_MEJMn:M(én )—MﬁMﬂ

Lj

b

KoaddurmenT koppensinuu o01a1aeT CIeyIIUMA CBONCTBAMH:

D r(E,n)=1r(n,§). 4)r==1,ecmun =af + B,
2) —1<1(gm) <1 5)r=0, eciu & U 1) HE3aBUCUMBIL;
3) r(€,6) = =1, . 6)ecimur#0, 10§ UM 3aBUCUMBI;

DyHKIUA pacnpeaeIeHus

@OyHKIMEH pacrpeneneHus ciyJyailHol BenuunHbl & Ha3bIBaeTcsl PyHKUUsA F(X), orpenenenHas KaK

F(x)=P{&<xj.

OueBuaHO, YTO PYHKIHMS PACHIPESIICHHS CYIECTBYET s II000H CliyyailHON BETUYNHBI.
Ecnu & — muckpeTHas cirydaifHasi BeJIM4rHA, TO Ui Hee (pyHKIMS pacipeaeeHus.. UMeeT BUJ CTyTIeH-
yartoil pyHkmu u F(x) = z P(x,).

x<x

CgoiicTBa O YHKIIUM PACIIPEIECICHUS
1) 0<F(x)<1, npuueM limF(x)=1,a lim F(x)=0;

2) F(x) HeyOriBaromas pyHKIHMs, T.€. €CIH X< X2, TO F (x1) < F (X2);
3) F(x) HempepsiBHA ClieBa B KaXKI0W CBOCH TOUKE;

TOYEYHBIE OHEHKHW ITAPAMETPOB PACIIPEIEJIEHM A

Kaxnoil yncnoBoi XapakTEpUCTUKE CIIyYallHOW BEJIMYHUHBI COOTBETCTBYET €€ CTAaTUCTUYECKUN aHa-
JIOT.
Jns MmaTeMaTuyeckoro OXujaHus ME CTaTUCTUYECKHUM aHAJIOTOM SIBJISIETCSI BHIOOPOYHOE CpeaHee

M*E umu X, . [IpeanonoxumM, 4To 3a1aHa BBIOOPKA X1, X, ... X, 00beMa n. Toraa
_ 1 &
%
X, =M't==>"x,
n-
Amnanorom mucnepcuu DE siBisieTcs BeTUYUHA
1 n
* 2 * 2
DE=8"=—>(x,-M¢",
n i
Ha3bIBacMasi BHIOOPOYHOM aucnepcueii. B vactHocTr
® *® D * 2
Dé=M& —-(M°E)".

[Ipenmnonoxum, yTo QYHKIHS pacrpeneieHus clydaiiHON BeIMYUHBI & W3BECTHA, HO OHA 3aBHCHUT OT
HECKOJIBKUX TapaMeTpOB, KOTOPhIE HEOOXOAMMO OICHHUTH 10 JTAHHOW BBIOOpKE, T.€. HEOOXOIUMO MPUOIIH-
KEHHO BBIYHUCIUTH 3HAUEHHE KaKJOTO IMapaMeTpa, Ha3bIBaeMOEe B CTATUCTHKE YHCIIOBOW OIIEHKOM MapameTpa
WJIU TIPOCTO OlleHKOM. OIieHKa Ha3bIBa€TCAd TOYEYHOM, €CJIM OHA OMNpEeNsieTCs] OAHUM YUCIOM. TouyedHble
OLIGHKH JIOJDKHBI YJIOBJIETBOPSTH CIEAYIOMUM TpeboBaHusM. OHU TOMKHBI OBITh HecMmeujeHHbiMU, dhghek-
MUBHBIMU U COCMOAMENbHBIMU.

[Tycth uMeem BBIOOPKY 00beMa N, M MyCTh HEOOXOAMMO OLEHUTH apaMeTp 0., BXOSIIINIA B HEU3BECT-
HYIO TCOPETUYECKYIO QYHKIMIO pacpenesienus, 1.e. F, (x)=F(x,a).
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OGosnaumm depes @ (X;,X,,...,X, ) OLECHKY IapameTpa o. B nanbheiimem Gy/iem cunTaTh BAPHAHTHI X|,
X2, ..., Xn CITy4aiiHBIMH BETMIMHAMHU C OJHOW M Toii ke dyHKImell pacpenenenns F,(x)=F(x,a). Torna
OLEHKa 0" (X,,...,X, ) ABJSETCS TOXKE CITyYaiHON BENMUMHON. [OBOPAT, UTO OlEHKA u*(xl,...,xn) HEU3BECTHO-

ro mapameTpa o sABJISACTCA H€CM€W€HH01/Z cClin
Mo =ao,
T.C. CCJIM €€ MATCMATHUYCCKOC OXUAAHUC COBIAAACT C OUCHHUBACMBIM IMApaMCTPOM. B IMPOTUBHOM CJIy4ac

* v
OIICHKA 0. Ha3bIBAETCSI CMEIICHHOM!.
Ouerka o' (X,,...,X,) HEM3BECTHOrO NapaMeTpa 0 HA3BIBACTCS COCTOATENBHOM, €CITH a*(xl,...,xn)

CXOJMTCS IO BEPOATHOCTH K a. Ouenka a*(xl,...,xn) HasbIBaeTCs QPPEKTUBHOMN, ECIM €€ IUCIEPCUs MUHH-
MajbHa, T.€. Do’ (X,,..., X, ) - MUHAMAJIbHa.

Ecnu mapameTp o sBiIsleTCS MaTEMAaTHYECKUM OXKUJAHUEM CIy4alHOM BeNMYMHBI &, TO HECMELICHHOM
OLIEHKOM JJIs1 Hero OyJeT BeInYrHa

a’ =M"¢&.
Ecnu mapametp o sSBiIsleTCS AMCIIEpCUE, TO HECMEIIEHHOW OLIEHKOM I aucrepcun Oyaer

a =" =Lz(x,._M*§)2.
n-145
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